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?  ???????????????????????????????????????
???????????????????????????????????????——
?????(Microcystis aeruginosa) 7806 ??????????????????????  
????????????????????? API ?????????????????    
16S rRNA ????????????????????????????????????
??????????????????pH???? K?????????????????
??????????????????????????? hsn03??????(Bacillus sp.)
? Bacillus sonorensis NBRC101234???????? 99.59%??????????????
?????????????????????? 7.0% (???)?????????????
?? 500 Da??? 1 kD???????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????? 
?????????????????????????????? 
Isolation and identification of Bacillus sp. hsn03 with algicidal 
activity on Microcystis aeruginosa 
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(1. College of Life Sciences, Henan Normal University, Xinxiang, Henan 453007, China) 
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Abstract: [Background] Cyanobacteria often form water bloom, seriously damage the aquatic 
environment and threaten aquatic organisms. Microbes can specifically inhibit the growth of 
cyanobacteria, and be used to control cyanobacteria bloom. [Objective] To isolate and screen 
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bacterial strains with high algicidal ability against harmful algal bloom causing species—— 
Microcystis aeruginosa 7806, as well as the identification of the physiological, biochemical and 
molecular characteristics, meanwhile, algicidal mode and activity of the bacterium. [Methods] The 
physiology and biochemistry characteristics of strain hsn03 were studied by the API test kit. The 16S 
rRNA gene was sequenced and the phylogenetic tree was constructed. The algicidal activity was 
investigated by determination of the algicidal effect of bacterial cells, supernatant and bacterial 
culture on Microcystis aeruginosa 7806. The characteristics of algicidal substance were determined 
by measuring the algicidal activity of algicidal substance treated by different temperature, pH, 
protease K, organic solvent extraction, dialysis, as well as FTIR spectroscopy. [Results] Strain hsn03 
possessed the highest similarity (99.59%) with the Bacillus sonorensis NBRC101234. Strain hsn03 
showed high algicidal activity on M. aeruginosa through secreting extracellular algicidal substances, 
and the optimum addition amount of bacterial supernatant was 7.0% (V/V). The characteristics of 
algicidal substance was high thermal stability, pH stability and low molecular weight (500−       
1 000 Da), which was proved to be not protein and polysaccharide, and algicidal active compound 
was confirmed to contain triple bond and cumulated double bonds. [Conclusion] The excavation and 
identification of algicidal bacteria play an important role in enriching the resource of algicidal 
bacteria to control harmful algal bloom. By studying algicidal methods, effects and characteristics, 
we will lay the foundation for further application of algicidal bacteria to control Microcystis 
aeruginosa. 
Keywords: Microcystis aeruginosa, Bacillus sp. hsn03, Algicidal substances, Algicidal activity and 
characteristics  
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?????????????????????
???????[8]??????????????
?????????????????????
???????????????????? 
?????????????????????
?????????????????????
?????????????????????
?????????????????????
??[9]???????????????????
???? 
???????? (Microcystis aeruginosa 
7806)???????????????????
????????????? hsn03??????
?????????????????????
?????????????????????
?????????????????????
???????? 
1  ????? 
1.1  ???????   
???????????????????
? ? ? ? NaNO3 ? K2HPO4 ? MgSO4·7H2O ?
CaCl2·7H2O?Na2CO3 ????????????
?DNA??????TaKaRa?????????
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?????????????????????
?????????????????????
?????????????????????
PCR ???????????????????
??????????????????Bruker  
??? 
1.2  ??????????? 
?? hsn03???????????????
? LB???(g/L?????? 10.0???? 10.0?
???5.0?pH 7.2)?37 °C?150 r/min?????
?????????? (Microcystis aeruginosa 
7806)?????????????????? BG11
???????? 50 μE/(m2·s)??? 25±1 °C??  
?? L:D=12 h:12 h ???????BG11 ???
(g/L)?NaNO3 1.500?K2HPO4 0.040?MgSO4·7H2O 
0.075?CaCl2·7H2O 0.036?Na2CO3 0.020????
0.006????? 0.006??????? A5 1.0 
mL?EDTA 0.001???? 1 000 mL??????
??????????????    A5 (g/L)?
H3BO4 2.860?MnCl2·4H2O 1.810?ZnSO4 0.222?
Na2MoO4 0.390 ? CuSO4·5H2O 0.079 ?
Co(NO3)2·6H2O 0.490? 
1.3  ???? 
1.3.1  ???? hsn03??? 
?????????? 20 mL???????
?????????????????????
????????? LB ??????????
37 °C?? 2−3 d????????????? LB
??????? 37 °C?? 2−3 d???????
?????????? 0.5 mL ????????
?????OD680? 0.22? 10 mL???????
???? 120 r/min?? 5 min???? 25±1 °C?
??? L:D=12 h:12 h????? 50 μE/(m2·s)??
??? 7 d?0.5 mL??? BG11???????
?????????????????? 3 ??
????????? 7806 ??????????
?????????? 
1.3.2  ?? hsn03???????????? 
??? hsn03??? LB??????? 37 °C
???? 24−48 h??????????????
?????????????????? 
1.3.3  ?? hsn03??????? 
?? Analytic Products INC (API)??????
????????? hsn03?? 20 E? 20 NE??
????????????????? 20%?
KOH ??????????????????
?????????????????????
?????????????????????
??????????? 1%??????? LB
?????????????????????
? 37 °C????? 2−3 d??????????
?????????????????????
?????????????????????
??? 1:1 ?????????????????
?????????????????????
?????????????????????
??????????????????????
??????????????????????
???? 
1.3.4  ?? hsn03? 16S rRNA???? 
??? hsn03 ???? DNA ????? 16S 
rRNA????????? 27F (5′-AGAGTTTGAT 
CCTGGCTCAG-3′)? 1492R (5′-GGTTACCTTGTT 
ACGACTT-3′)?? PCR?PCR??????27F?
1492R (10 μmol/L)? 1 μL?DNA (50 ng/μL)     
10 μL? Taq DNA ??? (5 U/μL) 0.5 μL?
10×Buffer 5 μL?dNTPs (2.5 mmol/L) 1 μL??
ddH2O ??? 50 μL?PCR ?????94 °C      
5 min?94 °C 1 min?55 °C 1 min?72 °C 2 min?  
30????72 °C 8 min?PCR????????
???????(??)????????????
???NCBI?GenBank????? EzTaxon??
????: ???? Bacillus sp. hsn03????????????????????? 2595 
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?[10]???????????????????
?????ClustalX?MEGA 4????[11]???
Neighbor-Joining????????? 
1.3.5  ?? hsn03??????? 
?????????? hsn03 ????(OD600
? 0.80)?? 5.0% (???)??????????
???????????????? LB ???  
????????????????????  
??? 3 ???????????????     
? 25±1 °C?12 h ???12 h ???????    
50 μE/(m2·s)????????????????
????????????? OD680??????
?????????????? 
???(%)=(A−B)/A100                  
???A ????????? OD680????
?????B ????????? OD680????
????? 
1.3.6  ?? hsn03????? 
???????(OD600? 0.80)??? hsn03?
??????(1) ??????????????
???(2) ????????? hsn03 ?????  
8 000 r/min ?? 5 min ??????????(3) 
????????? hsn03??????????
?????????????????????
????????????? 5.0% (???)??
?????????????????????
?????? LB ??????????????
????????? 3 ??????????
OD680??????????????? 24 h??
?????? 7 d? 
1.3.7  ???????? hsn03 ???????
????? 
??? hsn03 ???????? 1%?3%?
5%?7%?9%???????????? 7806 ?
???????????????? LB ????
????????(????LB????????
????)???????? 3 ???????
25 °C?????? 50 μE/(m2·s)???????
???????? OD680???????????
???? 24 h???????? 7 d? 
1.3.8  ????????? 
(1) ???????? hsn03 ??????   
5????????? 40?60?80?99 °C???
? 2 h??? 1×105 Pa???????? 20 min?
??????????????? 7.0%????
?????????????????????
LB ????????????????????
????????? 3?????? 25 °C???
??? 50 μE/(m2·s)?????????????
???OD680?????? 24 h????????
7 d? 
(2) ????????? hsn03 ?????   
1 mol/L? NaOH? 5 mol/L? HCl??????
pH? 3.0?5.0?9.0?11.0????? 2 h????
???? pH????????????????
??????????? 7%?????????
????????????????? LB ???
????????????????? 3????
?? 25 °C?????? 50 μE/(m2·s)??????
??????????OD680?????? 24 h?
??????? 7 d? 
(3) ??? K?????? hsn03?????
????? K???? 100 μg/mL??? 55 °C?
?????? 2 h??????????????
7%??????????????????LB?
?????????????????????
????????????????? 3????
?? 25 °C?????? 50 μE/(m2·s)??????
??????????OD680?????? 24 h?
??????? 7 d? 
(4) ?????????? hsn03 ?????
????????????(????????
????????)????????? 5:1 (??
?)????????????? 1 h??????
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???????????????(DMSO)???
???????????????????
DMSO ??????????????????
???????????????? 3???? 
1.3.9  ????????????? 
??? hsn03 ??????????[MWCO 
(Molecular weight cut off)=100 Da?MWCO=500 Da
? MWCO=1 kD]???????????? 48 h 
(? 24 h?????????)?????????
??? 7%?????????????????
??? LB ?????????????????
?????????????????????
? 3????????????????????
?????????????????????
???????????(FITR)????????
? 400−4 000 cm−1??????????????
??????? 
1.3.10  ???? 
??????? Origin 8.5???????“*”
?? P<0.05?“**”?? P<0.01? 
2  ????? 
2.1  ?? hsn03???????????? 
?? hsn03? LB???????? 24 h??
??????? hsn03????????????
????????????????? 1A ???
??????????????????????
??????????????????????
2 μm??? 0.5 μm (? 1B?????)?????
?????????? hsn03?????????
???? 1?????? hsn03?????? 20% 
KOH????????????????????
??????????????????????
??????????????????????
????? hsn03??????????? LB??
??????????????????????
???????????????? 
2.2  ?? hsn03? 16S rRNA????????
?? 
????? 16S rRNA ??????? NCBI
?GenBank?????EzTaxon????????
????????????? (Bacillus)???
Bacillus sonorensis NBRC101234 (AYTN01000016)
???????? 99.59%??? ClustalX ?
MEGA 4 ??????? Neighbor-Joining ???
???????? 2 ????????? Bacillus 
sonorensis NBRC101234 (AYTN01000016)????
?????????????????????
?????????????????????
?????? Bacillus sp. hsn03 (MF925340)? 
 
 
 
 
? 1  ?? hsn03?????(A)?????(B) 
Figure 1  Colony morphology (A) and cell morphology (B) of strain hsn03  
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? 1  ?? hsn03??????? 
Table 1  The physiology and biochemistry characteristics of strain hsn03 
???? 
Phenotypic tests 
?? 
Results 
???? 
Phenotypic tests 
?? 
Results 
Reduction of nitrate to nitrite + ß-galactosidase  + 
Denitrification − Lysine decarboxylase − 
Indole production − Ornithine decarboxylase − 
D-glucose fermentation + CITrate utilization   + 
Arginine dihydrolase + H2S production   − 
UREase − UREase   − 
Aesculin hydrolysis  + Tryptophane deaminase − 
Gelatin hydrolysis + INDole production   − 
D-glucose + Acetoin production  + 
L-arabinose + GELatinase   + 
D-mannose + Glucose + 
D-mannitol + Mannitol  + 
N-acetyl-glucosamine + Inositol + 
D-maltose + Sorbitol  w 
Potassium gluconate + Rhamnose w 
Capric acid − Saccharose + 
Adipic acid − Melibiose − 
Malic acid + Amygdalin  + 
Trisodium citrate + Arabinose  + 
Phenylacetic acid −   
Note: +: Positive; w: Weakly positive; −: Negative. 
 
 
 
? 2  ?? hsn03? 16S rRNA???????? 
Figure 2  Neighbor-Joining tree showing the phylogenetic positions of strain hsn03 based on 16S rRNA gene sequences 
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2.3  ?? hsn03 ?????????????
?????? 
?????? hsn03???????????
hsn03 ????(OD600=0.80)?????????
?????? 5.0% (???)?????????
????????? 3A ???????? LB ?
???????????? OD680???????
? 7???? 1.05??????????????
??? OD680?????????? 7 ? OD680?
?? 1.00??????????????????
?????????????????????
?????????????????????
????????????????? OD680??
?????? 3 ???????????OD680?
???? 0.21?? 3??? 5?????????
???? 5?? OD680?????? 0.35? 0.30?
? 7???? 0.30? 0.25???????????
?????????????? 
?? 3B????????? 1%?3%?5%?
7%? 9%??????????????????
??????????????1%??????
?????????????????????
??? 1%??????????3%? 5%???
?????????????????????
???????????????? 7?????
15%? 30%?7%? 9%????? 2??????
?????????????????????
??????????????7%?9%????
???? 7 ?????????? 9%????  
???? 7%???????????????  
???????????? 7%????????
??? 
2.4  ?????? 
?? 4A ????? hsn03 ????????
?????????????????????
?????????????????????
????????????????????
??? 121 °C ??????????????
?????????????????????
????????? 
?? 4B ???? pH ? 3.0?5.0?9.0?11.0
?????????????????????
????????? hsn03??????????
??????????????? 
?? 4C ????? hsn03 ????????
??? K ?????????????????
??????????????????? 
?? 4D ????????????????
?????????????????????
??(P<0.01)???????????????? 
 
 
 
? 3  ?? hsn03???????(A)????????????????????(B) 
Figure 3  The algicidal source of strain 03 (A) and effects of different dosages of bacterial culture and treatment times on 
algicidal activity of strain hsn03 (B)  
?????????? 3??????????. 
Note: All error bars indicate the SE of the three biological replicates. 
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? 4  ?? hsn03????????(A)?pH (B)???? K (C)???????(D)???????? 
Figure 4  Effect of different temperature (A), pH (B), protease K (C), organic solvent extraction (D) on the algicidal activity 
of the supernatant 
?????????? 3??????????. **??????????????????? P<0.01. 
Note: All error bars indicate the SE of the three biological replicates. ** represents a statistically significant difference of P<0.01 when 
compared to the positive control. 
 
????????????(P<0.01)??????
?????????????????????
?????????????????????
????????????? 
2.5  ????????????? 
????????????????????
??(? 5A)????????????? 500 Da
? 100 Da ?????????????????
??? 7806 ????????????????
????? 1 kD ???????????
(P<0.01)??????????????????
??? 1 kD???????? 500 Da?????
???? 500 Da??? 1 kD? 
??????????????????
???????????(500 Da)??????  
(1 kD)??????????????????5B
?????????????????????
????????????????? 1 650 cm–1
? 1 092 cm–1????????????????
???????? 2 128 cm–1?????????
?????????? 2 128 cm–1 ??????
??2 128 cm–1???????????????
?????????????????????
???????????? 
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? 5  ?? hsn03??????????????(A)??????????????(B) 
Figure 5  Effect of different dialysis treatment (A) on the algicidal activity of the supernatant and the functional groups of 
algicidal substance after dialysis were analyzed using FTIR spectroscopy (B)  
????????? 400−4 000 cm−1. 
Note: The spectra at 400−4 000 cm−1 are reproduced. 
 
3  ?? 
??????????????????
????????????????????
?????????????????????
????????????????????  
?????????????????????
??[12-13]?????????????????  
????????????????????  
??????/???????????????
??[14]? 
???????????????????
? 7806????????? hsn03???????
?????????????????????
?????????????????????
????????? hsn03 ??????(Bacillus 
sonorensis)??? Bacillus sonorensis NBRC101234 
(AYTN01000016)???????? 99.59%???
? hsn03??? Bacillus sp. hsn03 (MF925340)??
????????????????????
?????????????????????
??????????????[15]??????
???????????Guan ????????
???????????? Bacillus strain LP-10?
?? Bacillus strain LP-10???????????
???????????——????????
??[16]? 
???????????????????
?[17-18]??????????????????
?????????????????????
?????????????????????
?????????????????????
?/????????????????????
????/?????????????????
???????????[19]?????????
?????????????????????
?????????????????????
?????????????????????
????[20]??????? hsn03???????
?????????????????????
?????????????????????
?????????????????????
????? hsn03??????????????
?????????????????????
???? B1 ????????????????
????????? [21]??????????
hsn03 ???????????????????
?????????????????????
?????????????????????
?????????????????????
?????[22]? 
????: ???? Bacillus sp. hsn03????????????????????? 2601 
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???????????????????
???????pH???? K ????????
?????????????????????
?????????????????????
?????????????????????
?????????????????????
??????????????????????
??????????????????????
?????? 1 kD ?????????????
????????????????? 500 Da ?
100 Da ??????????????????
???????????????? 500 Da ??
? 1 kD?????????????????
????? 500 Da? 1 kD??????????
?????????????????????
???????? 2 128 cm–1?????????
?????????? 2 128 cm–1 ??????
????? 2 128 cm–1????????????
??[23]??????????????????
?????????????????????
????????[24-25]???????????
?????????? Guan ?[16]???????
?????????????????????
?????????????????? hsn03?
?????????????????????
??????? 500 Da? 1 kD????????
?????????????????????
?????????????????????
?????????????????????
?????????????????????
?????????????????????
??????????? 
4  ?? 
?????????????? hsn03 ??
?????????????????????
???? hsn03???????(Bacillus sp.)??
??????? Bacillus sonorensis NBRC 101234
? 16S rRNA????????? 99.59%???
hsn03 ??????????????????
(M. aeruginosa 7806)????????????
??? 7.0%????????????????
?????????????????????
???????????? 500 Da? 1 kD??
?????????????????????
??? 
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